We consider the motion of an overdamped particle in a force field in presence of an external, adiabatic noise. We propose a new fluctuation-dissipation
The motion of a Brownian particle in a fluid was first explained by Einstein in terms of fast thermal motion of fluid molecules striking the Brownian particle and causing it to undergo a random walk. One essential requirement of the theory is that the noise is of internal origin. This implies that the dissipative force which the Brownian particle experiences in course of its motion in the fluid and the stochastic force acting on the particle as a result of random impact of molecules arise from a common mechanism. From a microscopic point of view the system-reservoir Hamiltonian description developed over the last few decades [1, 2] suggests that the coupling of the system and the reservoir co-ordinates determines both the noise and the dissipative terms of the Langevin equation describing the motion of the particle. It is therefore not difficult to anticipate that these two entities get related through the celebrated fluctuation-dissipation theorem (Einstein's relation for diffusion and mobility is the first of its kind). The spiritual root of fluctuation-dissipation relation lies at the dynamical balance between inward flow of energy due to fluctuation of the reservoir into the system and the outward flow of energy from the system to the reservoir due to dissipation of the system. This dynamical balance is essential for attainment of a steady state of the nonequilibrium system. In their treatise on nonequilibrium statistical mechanics Lindenberg and West [2] have classified these systems as thermodynamically closed. However, there are quite a large number of physical situations, a comprehensive account of which has been given in [2] , where the system is thermodynamically open, i.e., when the system is driven by an external noise which is independent of system's characteristic damping. These are important for describing the effects of pump fluctuations on the emission of a dye laser [3] , effects of fluctuating rate constants on a chemical reaction [4] , effects of noise on electronic parametric oscillators [5] etc. The dynamics is still governed by a Langevin equation. The question is whether one can realize a relation between the fluctuation and the dissipation in such a situation. To the best of our knowledge this question has remained unanswered till date [2] . In the present letter we specifically address this issue and show that a relation of this kind can indeed be conceived for the steady state of the thermodynamically open system where the fluctuation is adiabatically slow such that it is characterized by a very long correlation time τ c where
Here ∆t refers to the timescale over which we look for the average motion of the system. The latter inequality implies that 1 β , i.e., the inverse of damping constant defines the shortest timescale in the dynamics in contrast to the case of standard Brownian dynamics which obeys
Our analysis is based on the following wellknown equation of motion of a particle of unit mass in one dimension when it is acted upon by an external field of force corresponding to a potential V (x) and an external, adiabatic stochastic force ξ(t),
where β and the correlation time τ c of ξ(t) satisfy the inequality (1a). Also note that by virtue of this we have considered the overdamped limit. In a preceding paper [6] the equation of motion for probability density distribution function P (x, t) in phase space corresponding to the Langevin description (2) was derived. It has been shown that P (x, t) obeys the differential equation of motion which contains third order terms (beyond the usual FokkerPlanck terms) giving rise to third order noise. The appearance of these terms is generic for the stochastic process pertaining to the separation of timescales (1a) we consider here. The general expression for time evolution of probability density function is given by [6] ∂P (x, t) ∂t
c 0 , c 1 and c 2 in Eq.(3) are as follows :
where we have also assumed, for convenience ξ(t) = 0.
The equation (3) describes the time evolution of an overdamped particle in a force field (derivable from a potential V (x)) simultaneously subjected to an external adiabatic stochastic force. c 0 , c 1 and c 2 measure the strength of the noise term. While the first term in Eq. (3) can be identified as the usual deterministic dynamical term, the second and the third terms involve second and third order diffusion coefficients due to stochasticity of ξ(t).
The expansion scheme associated with Eq. (3) should not be confused with Kramers-Moyal
[KM] expansion (consideration of third order diffusion term of a KM expansion may lead to serious interpretive difficulties [7] because the probability distribution function often turns out to be negative) which serves as the standard starting point for analysis of stochastic processes with fast noise corresponding to the separation of timescale (1b). What is implicit in a KM expansion is that the moments are assumed to be linear in τ and thus the validity of the coefficients of a KM expansion rests on the smallness of τ . The cummulant expansion For other details we refer to [6, 7] .
In the next step we recast the third order equation (3) in the form of the familiar continuity equation and identify a steady state current J in the following equation for a steady state probability distribution function P (x)
where a and b are given by
We consider a Kramers type potential V (x) shown in inset of 
In the above derivation following transformations and abbreviations have been used
The general solution for Eq. (7) is given by
We now impose two natural boundary conditions on the solution for the probability density vanishes identically from the exact solution [11] of the modified Bessel equation (7) which satisfy both the boundary conditions simultaneously provided ν is an odd half integer, i.e.,
so that from (6) and the definition of ν in (8b) we have (note that n = 0 is not physically allowed)
The above Eq. (10) 
. The normalization constant D is related to the steady state current J (positive, implying a flow from left to right) through the first of the relations (8b). For x < 0, the corresponding probability distribution function can be calculated from the symmetry of the differential equation (7).
Expression (11) reduces to the following simple form for, say, n = 1, which is depicted in Fig.(1) for several values of third order noise strength c 2
Thus the steady states are physically allowed only when one can relate the dissipation β to the strength of second and third order external noise for these integers n. Our analysis suggests that such a fluctuation-dissipation relation (10) Once the condition for attainment of the steady state is realized it becomes possible to consider the situation such that a particle in a force field, e.g., originally confined in a potential well may escape under the influence of external adiabatic noise by maintaining a steady state current over the barrier. It is therefore pertinent to calculate the noiseinduced escape rate in the spirit of Kramers and Smoluchowski and to elucidate the aspect of dependence of escape rate on dissipation. The counterpart of the latter issue in the theory of fast fluctuation is the wellknown turn-over problem in Kramers' theory [12, 13] .
To proceed further we again make use of a Kramers' type potential V (x) (inset in Fig.(2) ) under which the particle moves, in the third order equation (3) must satisfy the following boundary conditions ; (i) P b (x) must vanish at x → ∞ and (ii)
, where the stationary probability P t (x) must also satisfy the boundary condition that for |x| → ∞, P Having determined with the help of above-mentioned boundary conditions, the population of the left well, n a and the steady state current, J over the barrier we are now in a position to calculate the escape rate K n+ 1 2 (= J/n a ). We quote the final result :
∆-s refer to the zero's of the potential V (x) as shown in Fig.(2) and by virtue of linearization of V (x) at x = 0 ; ∆ is approximately given by ∆ = (2E 0 /ω
The above expression is analogous to Kramers' formula for the rate of escape from a potential well over a finite barrier of height E 0 under the influence of an external nonthermal adiabatic noise pertaining to the timescale (1a).
The escape rate expressions derived above suggest that the rate approaches zero both for β → large and β → small. This behavior is somewhat reminiscent of Kramers' theory [12] ,
where it was noted earlier that this two limiting behavior implies a maximal rate at some damping value β. The rate therefore undergoes a turnover in a form of a bell-shaped curve [14] . In Fig.(2) we plot a representative variation of the escape rate versus dissipation β for different third order noise strength. With increasing friction, the rate undergoes a turnover from an increasing behavior at low friction to an inverse behavior in the high friction limit.
In conclusion, we consider the motion of particle in a force field, simultaneously sub- varying stochastic electromagnetic field, as considered earlier in Refs. [10, 15] may also be worthwhile candidate for further studies in this context.
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